For the development and enhancement of supercritical applications, it is crucial to know the solubility of the considered compound in the supercritical fluid (SCF) in order to determine the conditions to achieve the best outcome. Many models have been developed to calculate supercritical solubility behavior and most can be either a semi empirical relationship or based on an equation of state. The Mendez-Santiago and Teja (MST) model is one of the most semiempirical models used. In this work, a review of the (MST) model from an accuracy and ability viewpoint is accomplished to give concise discussion and so to the proposition of a modification.
Introduction
Supercritical-Fluid Extraction (SCFE) is a separation method for which increased interest is shown for cases where traditional separation methods such as distillation have become too expensive, or cannot be applied. The advantages of SCFE are well documented and several commercial applications have been reported [1] . Supercritical fluids are environmentally benign solvents; their properties that are interesting from an extraction viewpoint include the diffusion coefficient, the density and the viscosity. The design and the development of SCFE processes depend on the ability to model and predict accurately the solid-supercritical fluid equilibria. Many of the existing simple predictive models are not sufficiently accurate to apply in the design and development of these processes [2] . Even the more sophisticated models are subject to serious errors when they are used for calculations near critical points, an area of great interest in terms of supercritical extraction. An additional com-plication is that many of the solute molecules of interest are large and polar, while the solvent molecules such as carbon dioxide tend to be small and of low polarity. This makes the thermodynamics less amenable to the usual modeling methods [3] .
Background
Different models have been used to predict the solubility of solids in SCFs, such as theoretical equations of state or semiempirical equations. Theoretical models like cubic equation of state or perturbed equations need large and complicated computational methods and the knowledge of the solid properties [4] . The problem starts with the availability of these properties, acentric factor and critical properties cannot be determined experimentally in most cases, so they should be evaluated using predictive methods, like group contributions (GC). Different approaches are proposed in the literature, but it is quite common to encounter molecules for which the methods are not applicable [5] . The same situation occurs with the sublimation pressure which plays a dominant role in the correlation of solubility data. In many cases, this quantity cannot be measured since its value is below the limit of any experimental method. Also for this property, GC methods have been suggested in the literature, but one has no way of controlling the validity of the calculated value [5] . Garnier et al. [6] stated that it was shown in the literature that the error in sublimation, which is very low for high molecular weight compounds, is in many cases responsible for large deviations between experimental and calculated solubilities. On the other hand, semiempirical equations like density based models do not need solid properties. They are based on simple error minimization and they use only available independent variables like pressure, temperature and density of pure solvent. The only drawback is the semiempirical character, which means that the solubility data are needed [4] . Recently, attempts have been reported to minimize the deficiency in prediction accuracy resulting from the error of sublimation pressures for non-volatile components that are used for the prediction of solubility solids in SFs [6] [7] . Among them we focus on the attempt of Mendez-Santiago and Teja [7] where they developed a simplified correlation to solid solubility data based on the theory of dilute solutions that was used earlier for the same purpose by Harvey [8] . In case of unavailability of sublimation pressure they have incorporated a ClausiusClapeyron-type expression and derived a modified relation for the solid solubility.
In a previous work [9] , we have presented a methodology for the correlation and prediction of the solubility of some solids with different functional groups in different supercritical fluids. The methodology is based on the expanded liquid model theory which does not require the knowledge of the solute critical properties and sublimation pressure. For the comparison of results we have considered some literature models that account for effect of the system conditions in addition to the physical properties as sublimation pressure of the solute through their introduction of the enhancement factor such as those of Mendez-Santiago and Teja (MST). The results obtained show that for many of the 33 binary systems considered, the "modified" model of Mendez-Santiago and Teja gives better results (in term of average differences) than the original one. This was very surprising and motivates us to revisit the two models.
Solubility Correlation
Correlating the solubility to the fluid density is a common approach for modeling solid solubilities in SCF's. Several authors have noticed that the logarithm of the solubility is a linear function of the density or sometimes of the logarithm of the density. The linearity of plots on these coordinates was first explained by Kumar and Johnston [10] in a derivation limited to the critical isotherms and they showed that this type of correlation is valid in the reduced density interval 0.5 ≤ ρ r ≤ 2.0 where ρ r ≡ ρ/ρ c . A more general derivation was given by Harvey [10] who adapted the expression of Levelt Sengers [11] who has shown that near the critical point of the solvent, the expression for Henry's constant can be simplified and may be written as:
where T is the temperature, K is Henry's constant, 1 f and ρ are the fugacity and density of the solvent at saturation, c ρ is the critical density of the solvent, and A and B are constants. Harvey [8] worked with an effective Henry's constant defined by 2 2
where 2 y is the mole fraction solubility, 2 f is the solute fugacity, which is fixed by the presence of an equili-brium solid phase and is proportional to the vapor pressure of the pure solid as follows:
where 2 s P and 2 V are the sublimation pressure and the molar volume of the solid. By substituting the fugacity in Equation (2) the effective Henry's constant become:
Harvey [8] combined expression (1) and (4) to obtain: (
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where E is the enhancement factor ( ) 2 2 s E y P P = , and 1 ∅ is the fugacity coefficient of the solvent. By neglecting terms, Mendez-Santiago and Teja [7] simplified Equation (5) to obtain:
Application of Equation (6) requires the sublimation pressure of the solute which is not available as stated in Section 2. Mendez-Santiago and Teja [7] circumvented this difficulty by the incorporation of a Clausius-Clapeyron type expression and derived an equation with three adjustable parameters as below:
Correlation capability of Equations (6) and (7) are presented by Mendez-Santiago and Teja [7] in terms of absolute average difference AAD% between experimental and calculated solubilities: 
At this point, reader can think obviously that if we have a common solute for which sublimation pressures are available and if these data are well represented by a Clausius-Clapeyron expression, Equation (6) and (7) must give the same AAD% (in the same range of T, P and for the same solubility data). But this is not the case, Mendez-Santiago and Teja [7] utilized Equations (6) and (7) for the same system solid-SC carbon dioxide just for two solutes: eicosanoic acid and myristic acid, and there is a difference of 33% between the AAD% of the two correlations. Also, previous results [9] show considerable differences between correlation utilizing Equations (6) and (7) for many systems among 33 systems solute-SCF considered. In fitting data, it's known that increasing the number of model parameter will generally improve the correlation results, but in the case of Equation (7) the third parameter is not an additional one but it follows from the Clausius-Clapeyron expression.
From another point of view, to check the consistence and ability of Equations (6) and (7) we have reconsidered them for some systems presented in Table 1 as follows:
Using dimensionless equations is very useful as stated by Sparks et al. [12] , so by introducing reduced coordinates of solvent Equation (6) 
From Table 2 , if we note by ( ) cal α ′ the parameter α ′ calculated with physical properties from Table 3 and Table 4 according to Equation (13), and if we consider a common solid solute as naphthalene in SC CO 2 we found:
( ) cal 72300 6.7
35.30 8.314 304.14 α ′ = − − = − × And the parameter α ′ obtained by regression of data by Equation (14), 30 .63
The difference between the two values of ( ) α ′ is very important, and the same remark is obtained for the others binary systems solid-SC fluid presented in Table 2 . These systems are some of those for which the difference between correlation by Equations (10) and (14) is considerable (Figure 1) , and all solubility data are in the range (0.5 -2) of reduced density ( Table 1) as stated in Section 3. The last point is based on the step of neglecting terms in Equation (5) which has not been argued by MendezSantiago and Teja [7] and some authors as Hansen et al. [39] stated that it was even a surprising step. So from the previous remarks, we can think that the neglected term (especially related to temperature) is for many systems solid-SCF non negligible.
For all these points, we opted for a modification to Equation (10) 
Thus, Equation (17) has the same form of Equation (14) but just with different parameters.
From Table 2 and Figure 1 , we can see clearly that with the opted modification: 1) Correlation of data using Equation (15) and Equation (14) yield the same AAD%;
2) And if we note by ( ) cal α ′′ the coefficient calculated by Equation (15) 
Conclusion
This paper focuses on the application of the Mendez-Santiago Teja (MST) model for the correlation of solubility of solids in different supercritical fluids. Attention is paid to the presentation of the different limitations of the model. Analysis and results reported in this work show that a modification of the MST model is necessary. The modification proposed herewith keeps the simple form of original equations and is successful for all systems considered.
